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Feedbacks between the land and the atmosphere can play an important role in the water cycle Satellite data offers the ability to obtain some of these variables globally and routinely
62
(and thus has the most promise for GCM and model development applications), but has been from 100 mb to 300 mb above the surface. The HI is a measure of low-level boundary layer 74 moisture given by the sum of the dew point depression at 50mb and 150 mb above the surface.
75
Thus, the regimes are strictly a function of lower troposphere temperature profiles and moisture 76 condition.
77
The two dimensional space comprised of the CTP and HI relationship can then be variables from reanalysis in section 3.3 and is followed by discussion and conclusions in section 
Datasets and Methods
165
Datasets
166
In this work, four different datasets are used to calculate the CTP, HI and SM needed for 167 the CDI classification and includes satellite remote sensing, reanalysis and in-situ data. Table 1 168 provides a summary of the datasets used, the type of data and temporal range of the dataset that 
183
Reanalysis products are also used in this study as they provide global, continuous and 184 long-term records of the climate system constructed by combining observations and models.
185
Reanalysis data sets also provide a means for initializing forecasts models with the best 186 temporally and spatially continuous estimates of earth system variables for weather and climate The last type of data utilized in this study is in-situ data and provides direct 
277
To produce a unique classification that accounts for the characteristics of a dataset 278 requires a training period that must be consistent across all the datasets due to the sensitivity of Table 1 ). In this sense the period from 2012- comparing these datasets, the higher level of vertical detail in the radiosonde data is evident.
293
Notwithstanding the low resolution in the vertical, the satellite profiles of atmospheric 294 temperature show a good agreement with the in-situ observations. In contrast, the lack of vertical 295 resolution in the satellite observations is more damaging in terms of dew point temperature. from in-situ. This represents a substantial difference in the vertical that is noticeable in Fig. 2 and   304 is likely one of the main causes for the discrepancy between the CTP and HI.
305
The above analysis only considers two days chosen at random during a dry and wet year, Overall, the SM datasets show a greater spread and much lower correlations than the CTP or HI. 
Coupling Classification and CDI
345
This section extends the previous comparisons to the classification of the CTP-HI space 346 and the CDI. As described above, the classification identifies areas in the two-dimensional space the temporal variability the datasets. This is partially due to the CDI capturing consistent 384 temporal relationships within coupling regimes that are not impacted by the inconsistencies 385 previously discussed.
386
Notwithstanding the consistency in the CDI among the datasets there are some noticeable 387 differences. First, the in-situ CDI has a lower magnitude than the reanalysis. This is particularly 388 noticeable for the extremely dry months (positive) and wet months (negative). This is likely due 389 to the smaller area classified as dry and wet coupling in the CTP-HI space (Fig. 4) . The satellite 390 CDI magnitude is also smaller in amplitude as compared to reanalysis. This is consistent with
391
AQUA not being able to capture the extremes of HI (as discussed earlier). However, the satellite 392 and in-situ CDI does capture the relative peaks of dry (2011, 2012) and wet (2007) regimes well.
393
In comparing the two reanalysis datasets, CFSR has a higher CDI than MERRA for most 394 months. This is likely due to the larger boundary layer growth as a result of a persistent dry bias 395 in the PBL (Santanello et al. 2015) .
396
The consistency between the CDI of the datasets is primarily seen in the summer months The overall correlations for reanalysis and satellite with in-situ CDI are significant at a 99% (Fig. 3 and Fig. 4) . Specifically, MERRA is more consistent with in-situ data at the SGP 408 site, followed by CFSR and then AQUA.
409
Even though the MERRA reanalysis is more consistent with the in-situ data then the 410 other datasets, it is important to remember that up to this point the analysis has only considered a 411 single point and may or may not be representative of other locations. In fact, the ability to have 412 observations over the globe is one of the major advantages of using satellite remote sensing to BLH from CFSR compared to MERRA BLH, which is consistent with Santanello et al. (2015) 476 who found the MERRA BLH to be underestimated and lacking sensitivity to extremes.
477
The correlation of the CDI to the CTP and HI is among the strongest and is not surprising 
Discussion and Conclusions
485
The aim of this study is to assess the utility of CDI-based variables and metrics derived (Fig. 2) .
495
Although the lower vertical resolution of the atmospheric satellite data resulted in lower 496 correlations of the CTP and HI from satellite with in-situ data, the satellite data has sufficient 497 correlation with in-situ data to capture the main signal (Fig. 3) . Both reanalysis datasets show an 
512
Given the large sample of days required by the CDI, it is likely that the bulk signal of the 513 CTP and HI and its relative variability over the 9+year period will still provide a self-consistent 514 representation of dry and wet coupling regimes and variability. (Fig. 4) . This is not surprising given that MERRA and CFSR showed the highest correlations 521 24 with in-situ data of CTP, HI and SM (Fig. 3) . Although there is a lack of consistency in the exact (Fig. 5a and b) . Furthermore, the spatial patterns This indicates that both temporal and spatial patterns are largely captured by the CDI from 541 satellite remote sensing and further demonstrates the potential of the AQUA dataset. There is 542 however, a smaller magnitude both in space and in time in the CDI compared to the reanalysis.
543
The lower magnitude CDI is especially noticeable during wet coupling as indicated in Fig. 5a 544 25 and c. This limitation could be partially due to missing values in the record, particularly during 545 the wet coupling regime when there is more cloud cover that can limit the satellite observations.
546
Missing values make the CDI move closer to zero, since it has the potential to reduce the 547 numerator but not change the denominator in calculating the CDI. Future work will explore a 548 revised CDI that would be less impacted by cloud cover and more relevant for satellite 549 application. The limitation in the CDI magnitudes could also be partially due to the lack of 550 resolution in the vertical from the atmospheric observations from satellite as shown in Fig. 2 551 along with difficulties in observing atmospheric humidity. It is hoped that through improvements 552 in instruments and algorithms the quality of the satellite data will be increased and this limitation 553 can be overcome.
554
Notwithstanding the shortcomings of the satellite data, it still has the potential to yield 555 useful information as a large-scale observational record. As compared to other variables the CDI 556 has the strongest correlation with the CTP and HI, from which it is derived, but also has strong however it is not extensively correlated with any one variable and has its own unique 566 characteristics. These unique characteristics could make it a useful drought-monitoring tool as it has the potential to integrate multiple drivers and impacts of drought that may be missed by 568 indices typically utilized for drought monitoring.
569
Overall this work demonstrates that there is sufficient information in the simultaneous 570 measurements of the land and atmosphere from satellite remote sensing to provide useful 571 information to the applications of drought monitoring and coupling metrics that can be used to 572 evaluate GCMs. While it is recognized that the variables and metrics currently available through 573 satellite remote sensing are not always the optimal choice for L-A coupling metrics, it is hoped 574 that through further development, satellite based CDI can be utilized to provide new insights and 575 application relevant for drought monitoring and prediction. 
Acknowledgements
577
This research was partially supported by an appointment to the NASA Postdoctoral 
